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In patients with mitral stenosis, routine noninvasive
techniques are insensitive for the detection of coexistent
aortic insufficiency. The ability of pulsed Doppler echo-
cardiography to detect the presence or absence of an-
giographically demonstrated aortic insufficiency was
evaluated in 45 patients with rheumatic mitral stenosis.
Pulsed Doppler echocardiography correctly identified the
presence of aortic insufficiency in 97% of the 35 patients
with documented aortic regurgitation. More important,
pulsed Doppler echocardiography disclosed aortic in-
sufficiency in all 7 patients in whom it was not suspected
on physical examination and in 28 of the 29 patients in
In patients with hemodynamically sign ificant aortic insuf-
ficiency, physical examination demonstrates a number of
characteristic signs . The most reliable finding is an early
diastolic murmur on auscultation . Associated peripheral
manifestations include a widened pulse pressure, a bisfer-
iens carotid pulse, Quincke's pulses, Duroziez's sign and
pistol shot femoral pulses. In certain cases, however, the
characteristic murmur and the accompanying peripheral signs
may be absent (1-3). For example, the detection of mild
to moderate aortic insufficiency may be quite difficult in a
pat ient with mitral stenosis (4- 6). A soft aortic insufficiency
murmur may also be difficult to appreciate , and abnormal-
ities of the peripheral pulses may be absent or subtle. More-
over , when present , the diastolic murmur of aortic insuf-
ficiency is not always easil y distinguished from the Graham-
Steell murmur of pulmonary insufficiency.
M-mode echocardiography has been used to detect aortic
insufficiency . However, in a patient with mitral stenosi s,
the three classic M-mode echocardiographic criteria for aor-
tic insufficien cy (7-IO)-high frequency diastolic fluttering
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whom it was not suspected by M-mode echocardiog-
raphy. Pulsed Doppler echocardiography also demon-
strated excellent specificity, correctly detecting the ab-
sence of aortic insufficiency in 9 of the 10 patients who
had no angiographic evidence of aortic insufficiency. It
is concluded that in patients with mitral stenosis, pulsed
Doppler echocardiography is a useful noninvasive di-
agnostic test for evaluating the presence of aortic insuf-
ficiency, even when this lesion is not detectable by phys-
ical examination or M-mode echocardiography.
(J Am Coli CardioI1985;5:176-81)
of the anterior mitral valve leaflet , diastolic ventricular sep-
tal fluttering and left ventricular dilation-may be absent
or misleading . The thickened and often calcified mitral valve
leaflets may be too immobile to flutter (Fig . I). Septal flutter
may be absent when the aortic regurgitant volume is small
or directed away from the septum. Left ventricular enlarge-
ment, when present, may reflect associated mitral regur-
gitation rather than aortic valve incompetence. Therefore.
the diagnosis of aortic insufficiency in patients with mitral
stenosis has generally required supravalvular aortography .
In previous studies. we and others (11-17) have docu-
mented that pulsed Doppler echocardiography is an accurate
method for detecting aortic insufficien cy in patients without
mitral stenosis. We hypothesized that pulsed Doppler echo-
cardiography might be similarly sensitive to and specific for
the presence of aortic insufficienc y in patients with rheu-
matic mitral stenosis. Moreo ver , given the limitations in
clinical and M-mode echocardiographic detection of aortic
insufficiency just discus sed , we believed that pulsed Dop-
pler echocardiography would be able to demonstrate case s
of aortic insufficiency whose presence might have gone
undetected by these other noninv asive techniques .
Methods
Study patients. Between April 1977 and September 1982 ,
45 patients with rheumatic mitral stenosis underwent M-
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mode echocardiography. pulsed Doppler echocardiography
and cardiac catheterization including supravalvular aortog-
raphy . This group of patients consisted of 14 men and 31
women ranging in age from 28 to 78 years (mean 52.8) .
All patients were referred for evaluation of the severity of
mitral stenosis; they were not being evaluated specifically
for aortic insufficiency . To be entered into the study. all
patients were required to have a technically adequate M-
mode echocardiogram. pulsed Doppler echocardiogram and
supravalvular aortogram.
Echocardiography. Conventional M-mode and two-di-
mensional echocardiographic studies were performed ini-
tially to evaluate the left ventricle and left atrium. as well
as the aortic and mitral valves. M-mode echocardiography
was used to examine the mitral valve anterior leaflet and
the interventricular septum for evidence of high frequency
fluttering in diastole. which was believed to be diagnostic
of aortic insufficiency (Fig. I). Left ventricular end-diastolic
measurements were made just below the mitral valve leaf-
lets. at the level of the mitral chordae . A left ventricular
end-diastolic measurement of more than 56 mm was con-
sidered indicative of left ventricular dilation.
Doppler examination . After the M-mode and two-di-
mensional echocardiographic studies. a pulsed Doppler
echocardiographic examination was performed using a sin-
gle crystal Doppler transducer and a commercially available
M-mode instrument (Mark IV, Advanced Technology Lab-
oratories) or a mechanical sector scanner capable of per-
forming sequential two-dimensional and pulsed Doppler
echocardiographic studies (Mark V with 459 real time spec-
trum analyzer. Advanced Technology Laboratories). or both.
A high parasternal examining window was generally used
for pulsed Doppler studies. Pulsed Doppler findings were
recorded using both audio and graphic displays. In most
cases. both outputs provided similar diagnostic information.
In some cases, good graphic records could not be obtained.
In these instances. the diagnostic interpretation was made
from the recorded audio signals. Aortic insufficiency was
considered present when either audible or graphic output
demonstrated diastolic turbulence just below the aortic valve
(Fig . 2). Using the parasternal examining window, the Dop-
pler sample volume was first positioned in the aortic valve
region and then scanned slowly down from the aortic valve
leaflets into the high left ventricular outflow tract. Special
care was taken in scanning the high left ventricular outflow
tract to search for the turbulent diastolic flow of aortic in-
sufficiency. This maneuver was particularly important in
differentiating diastolic turbulent flow secondary to aortic
insufficiency from that caused by mitral stenosis. In the
absence of aortic insufficiency. diastolic turbulence due to
mitral stenosis was easily recorded in the left ventricular
body but not just beneath the aortic valve leaflets (Fig. 3).
Cardiac catheterization. Angiography was performed
according to conventional methods. All supravalvular aor-
tograms were reviewed by at least two cardiologists who
were blinded to findings of physical examination and M-
mode and pulsed Doppler echocardiography. Studies were
reviewed with particular attention to avoiding false positive
diagnoses secondary to catheter-induced aortic insufficiency
and false negative diagnoses secondary to inadequate opaci-
fication of the aortic root. For the purposes of this study.
aortic insufficiency was tabulated only as present or absent.
Physical examination. The clinical detection of the typ-
ical diastolic murmur of aortic insufficiency relied solely on
clinical examination by an experienced attending cardiol-
ogist. The results of examinations by internists. cardiology
fellows or house officers were not tabulated .
Statistical analysis. Statistical analysis was done using
McNemar's test to analyze the relative sensitivities and spec-
ificities of the multiple noninvasive techniques in the de-
tection of aortic insufficiency. using angiographic findings
as the reference standard. Differences were considered sta-
tistically significant at probability (p) values of less than
0.05 .
A B
Figure 1. A, M-mode echocardiogram dem-
onstrating high frequency, low amplitude dia-
stolic flutter of the anterior mitral leaflet in a
patient with aortic insufficiency and a pliable
mitral valve. B. M-mode echocardiogram dem-
onstrating the absence of diastolic mitral flut-
tering (due 10 mitral valve immobility) in a pa-
tient with aortic insufficiency and mitral stenosis.
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Figure 2. Pulsed Doppler detection of aortic
insufficiency in the presence of mitral stenosis.
Left, Parasternal long-axis image in diastole
demonstrating thickened mitral leaflets, reduced
diastolic leaflet separation, bowing of the an-
terior leaflet belly toward the left ventricle and
left atrial enlargement, all typical of rheumatic
mitral stenosis. The Doppler ultrasound beam
(cursor line) traverses the high left ventricular
outflow tract; the Doppler sample volume (dash)
is positioned just below the aortic valve leaflets.
Right, Doppler waveform demonstrating a broad
spectrum of Doppler shifts during diastole, caused
by the flow disturbance in the high left ventric-
ular outflow tract, which characterizes aortic
insufficiency.
I
/-I ...•
Sensitivity of pulsed Doppler echocardiography = 97%; specificity of
pulsed Doppler echocardiography = 90%.
Table 1. Detection of Aortic Insufficiency (AI) by Pulsed
Doppler Echocardiography in 45 Patients
Clinical examination versus pulsed Doppler echo-
cardiography (Table 2). Of the 35 patients with aortic
insufficiency documented angiographically, clinical aus-
cultation by an attending cardiologist detected aortic regur-
gitation in 28 (sensitivity 80%). However, clinical auscul-
tation failed to detect a typical diastolic murmur of aortic
regurgitation in seven patients (20%). Pulsed Doppler echo-
cardiography correctly identified aortic insufficiency in all
seven of these patients who were missed by clinical ex-
amination. As compared with clinical examination, pulsed
Doppler echocardiography was significantly more sensitive
for the detection of aortic insufficiency (p < 0.05).
M-mode echocardiography versus pulsed Doppler
echocardiography (Table 2). Diastolic fluttering of the
anterior mitral valve leaflet was present in 6 patients, but
absent in 29 of the 35 patients with proven aortic insuffi-
ciency. Hence, the sensitivity of this criterion was only 17%.
Of the 29 patients who would have been missed by M-mode
echocardiography, 28 (97%) were correctly found to have
aortic insufficiency by pulsed Dopper echocardiography. As
compared with M-mode echocardiography, the Doppler
technique was significantly more sensitive for the detection
of aortic regurgitation (p < 0.005).
Nine of the 29 patients who had documented aortic in-
sufficiency by aortography, but did not demonstrate flut-
tering of the anterior mitral leaflet, had left ventricular en-
I
9
Absent
Angiographic AI
34
I
Present
Pulsed Doppler Al
Present
Absent
Sensitivity of Pulsed Doppler Echocardiography
(Table 1)
Of the 45 patients with mitral stenosis, 35 (78%) had
aortic insufficiency demonstrated by supravalvular aortog-
raphy. Pulsed Doppler echocardiography detected aortic in-
sufficiency in 34 of these 35 patients (sensitivity 97%). In
the one patient in whom pulsed Doppler echocardiography
failed to detect aortic insufficiency, the degree of aortic
regurgitation was mild.
Results
Figure 3. Schematic representation of pulsed Doppler echocardi-
ography in a patient with both aortic insufficiency and mitral ste-
nosis. The Doppler sample volume (DSV) is positioned in three
different regions. Position 1, Above the aortic valve, no diastolic
flow disturbance would be recorded. Position 2, Immediately be-
neath the aortic valve, the diastolic flow disturbance of aortic
insufficiency would be recorded. Position 3, In the lower left
ventricular outflow tract and body, a diastolic flow disturbance
could represent either aortic insufficiency or mitral stenosis. Ao
= aorta; LA left atrium; LV = left ventricle; RV = right
ventricle.
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largement on the M-mode echocardiogram. However, eight
of these nine had associated mitral regurgitation, which
could have accounted for this finding. None of these 29
patients had diastolic septal fluttering.
Table 2. Sensitivity of Noninvasive Methods to
Angiographically Proved Aortic Insufficiency in 34 Patients
M-Mode
Auscultation Echocardiography
(typical diastolic murmur) (diastolic mitral flutter)
Specificity of Pulsed Doppler
Echocardiography (Table 1)
Of the 10 patients with no angiographically documented
aortic insufficiency, Doppler echocardiography was nega-
tive for aortic insufficiency in 9 (specificity 90%).
Clinical examination versus pulsed Doppler echo-
cardiography (Table 3). Of the 10 patients with no evi-
dence of aortic regurgitation on supravalvular aortography,
I was believed to have a typical diastolic murmur of aortic
insufficiency on clinical examination by a faculty cardiol-
ogist (specificity 90%). There was no statistical difference
between clinical examination and pulsed Doppler echo-
cardiography regarding their specificity for detecting aortic
insufficiency. In the one patient with a typical diastolic
murmur but no aortic regurgitation at catheterization. there
was no evidence of a diastolic flow disturbance by pulsed
Doppler echocardiography.
M·mode echocardiography versus pulsed Doppler
echocardiography (Table 3). Diastolic fluttering of the
anterior mitral valve leaflet was detected in none of the 10
patients who did not have angiographically documented aor-
tic insufficiency (specificity 100%). As compared with pulsed
Doppler echocardiography, M-mode echocardiography was
not significantly more specific for the detection of aortic
insufficiency.
Present
Absent
Detected by
pulsed Doppler
echocardiography
28 (80% sensitivity)
7
1
7 (100%)
6 (l7°k sensitivity)
29
1
28 (97°k)
dieted the presence or absence of angiographic aortic in-
sufficiency in 43 (96%) of 45 patients with mitral stenosis.
Clinical utility of pulsed Doppler echocardiography
in mitral stenosis. The high predictive value of both pos-
itive and negative results (Table 3) indicates that pulsed
Doppler echocardiography is an excellent technique to screen
for the presence of aortic insufficiency. In a patient with
mitral stenosis. accurate detection of aortic insufficiency is
of particular importance when cardiac catheterization or mi-
tral valve replacement is a possibility. The finding of a
diastolic flow disturbance high in the left ventricular outflow
tract would alert the physician to perform supravalvular
aortography at the time of cardiac catheterization. If a su-
pravalvular aortogram could not be performed (due to con-
trast medium allergy or equipment malfunction, for ex-
ample) or if opacification of the aortic root was inadequate
to evaluate aortic insufficiency accurately. pulsed Doppler
findings could help determine whether aortic insufficiency
was actually present. On the other hand, if aortic insuffi-
ciency was thought to have been caused by catheter recoil,
the pulsed Doppler technique might help demonstrate that
regurgitant flow was really absent. The absence of auscul-
tatory or M-mode echocardiographic findings does not ex-
clude the possiblity of associated aortic insufficiency in a
patient with mitral stenosis; hence. these techniques are not
adequate for screening purposes.
Some patients with mitral stenosis are referred directly
to surgery without cardiac catheterization (21). In these
patients. the use of pulsed Doppler echocardiography to
detect aortic insufficiency would be especially helpful given
the limitations in the other routine noninvasive methods.
When aortic insufficiency is present, aortic cross clamping
is employed early and maintained for the duration of car-
diopulmonary bypass. and the method of administering the
cardioplegic solution is altered (22-25). Finally, knowledge
that aortic insufficiency was present preoperatively may be
important in interpreting the significance of postoperative
symptoms, such as angina or dyspnea, or signs, such as left
ventricular enlargement on physical examination or chest
X-ray film.
Limitations of clinical auscultation. A diastolic de-
crescendo murmur of aortic insufficiency is commonly pres-
Table 3. Reliability of Noninvasive Techniques for the
Detection of Aortic Insufficiency
M-Mode
Auscultation Echo
Discussion
In a patient with mitral stenosis, the diagnosis of aortic
insufficiency has proved to be difficult by either clinical
examination (1-6,18) or M-mode echocardiography (18,19).
Previous work (11-18.20) has shown that pulsed Doppler
echocardiography is both sensitive to and specific for the
detection of aortic insufficiency. The present study dem-
onstrates that in the setting of coexistent rheumatic mitral
stenosis. pulsed Doppler echocardiography remains quite
sensitive to and specific for the presence of aortic insuffi-
ciency. Pulsed Doppler echocardiography accurately pre-
Sensitivity (%)
Specificity (%)
Positive predictive value (%)
Negative predictive value (%)
Echo = echocardiography.
80
90
97
56
17
100
100
26
Pulsed
Doppler
Echo
97
90
97
90
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ent when this lesion is isolated or moderately severe and
relatively long-standing. However, the murmur of aortic
insufficiency may be absent in certain situations. When aor-
tic insufficiency is either mild or of short duration, the
murmur may be soft, brief and essentially inaudible. In
addition, the aortic diastolic murmur sometimes can be masked
by the murmur of mitral stenosis. These features may ex-
plain why it was difficult to detect aortic insufficiency by
physical examination in some of our patients with mitral
stenosis. However, these features should not influence the
ability of pulsed Doppler echocardiography to distinguish
the diastolic flow disturbance of mitral stenosis, found low
in the left ventricular inflow tract, from the diastolic flow
disturbance of aortic insufficiency, found high in the left
ventricular outflow tract just beneath the aortic valve leaf-
lets. Indeed, in our series, pulsed Doppler echocardiography
was able to identify correctly all cases of aortic insufficiency
that were not detected by an experienced cardiologist.
Limitations of M-mode echocardiography. In patients
with a normal mitral valve, M-mode echocardiography is
able to record high frequency, low amplitude diastolic flut-
tering of the anterior mitral valve leaflet when aortic insuf-
ficiency is present (7,8,19). However, this feature is not
reliable in patients with mitral stenosis. The thickened and
immobile mitral valve leaflets are often unable to flutter
(10). Pulsed Doppler echocardiography correctly identified
97% of the patients who would have been missed by M-
mode echocardiography. We also found that an enlarged
left ventricle on M-mode echocardiography was neither sen-
sitive to nor specific for aortic insufficiency in patients with
mitral stenosis. Several other causes, including associated
mitral regurgitation, rheumatic ventricular dysfunction or
associated coronary artery disease, could explain the pres-
ence of left ventricular dilation. Conversely, the left ven-
tricular chamber may be nondilated on the M-mode echo-
cardiogram when aortic insufficiency is only mild. We found
diastolic ventricular septal fluttering was far too insensitive
an M-mode echocardiographic feature of aortic insufficiency
to be of practical use in our patients.
Limitations of the currentstudy. Our study of patients
with mitral stenosis was primarily retrospective. At the time
of this study, a supravalvular aortogram was not performed
routinely in our catheterization laboratory in patients with
mitral stenosis unless there was a clinical suspicion of aortic
insufficiency. Hence, our group of patients with mitral ste-
nosis was biased in that only 22% of the patients who met
inclusion criteria had no aortic insufficiency by supraval-
vular aortography. In this small group of 10 patients, the
absence of aortic regurgitation was predicted correctly by
pulsed Doppler echocardiography in 9. The one false pos-
itive pulsed Doppler study occurred early in the study pe-
riod. In retrospect, this false positive case emphasizes the
importance of searching for the diastolic turbulence of aortic
insufficiency in the region immediately beneath the aortic
valve. Doppler sampling of diastolic flow farther down the
left ventricular outflow tract may detect the post jet diastolic
turbulence (26) caused by mitral stenosis, and this may be
misinterpreted as evidence of associated aortic insufficiency.
Nonetheless, the specificity of pulsed Doppler echocardi-
ography remained high and equal to that of either clinical
auscultation or M-mode echocardiography. In other words,
the increased sensitivity of pulsed Doppler echocardiog-
raphy did not occur at the expense of decreased specificity.
In this study, we did not attempt to quantitate the severity
of aortic insufficiency by the Doppler technique. Previous
workers (14-16) demonstrated that, in patients without mi-
tral stenosis, the severity of aortic insufficiency can be es-
timated by mapping the extent of regurgitant flow in the left
ventricular outflow tract. However, mitral stenosis causes
diastolic inflow into the left ventricle to become disturbed.
Because of the presence of turbulent left ventricular inflow
in the mid and apical regions of the left ventricle, we suspect
that accurate mapping of aortic regurgitant flow may be
difficult in some patients with mitral stenosis. An alternate
approach to estimate the severity of aortic insufficiency in-
volves recording a flow velocity curve from the transverse
aorta and measuring the ratio of the area under the diastolic
and systolic portions of the curve (11). Mitral stenosis should
not alter the relative volume or timing of the aortic flow
velocity curve; therefore, this approach merits further inves-
tigation for determining the severity of aortic insufficiency
in the presence of mitral stenosis.
Recommendations. Because pulsed Doppler echocardi-
ography has a higher sensitivity than either auscultation or
M-mode echocardiography, while specificity remains high,
it appears to be ideal as a noninvasive screening test for
suspected aortic insufficiency in patients with mitral stenosis.
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